Background -A retrospective study was conducted to evaluate iron status in plasma samples collected from five patients with the adult respiratory distress syndrome (ARDS) who had bleomycin detectable iron in at least one sample. Ten patients with ARDS with no evidence of bleomycin detectable iron and 10 healthy individuals served as controls. Methods -Evidence of iron overload was established by measuring the percentage saturation of plasma transferrin. In each case the bleomycin assay for redox active, chelatable iron was used to measure plasma levels of non-transferrin bound iron in the low micromolar range; assays for total plasma iron and transferrin were performed to establish a diagnosis of transient iron overload. The effect of this on the ability of transferrin to act as a plasma antioxidant was assessed using two different assay systems.
Abstract
Background -A retrospective study was conducted to evaluate iron status in plasma samples collected from five patients with the adult respiratory distress syndrome (ARDS) who had bleomycin detectable iron in at least one sample. Ten patients with ARDS with no evidence of bleomycin detectable iron and 10 healthy individuals served as controls. Methods -Evidence of iron overload was established by measuring the percentage saturation of plasma transferrin. In each case the bleomycin assay for redox active, chelatable iron was used to measure plasma levels of non-transferrin bound iron in the low micromolar range; assays for total plasma iron and transferrin were performed to establish a diagnosis of transient iron overload. The effect of this on the ability of transferrin to act as a plasma antioxidant was assessed using two different assay systems. Results -The five patients with evidence of transient iron overload (mortality 4/5) represented 33% of the total population of patients with ARDS (mortality 5/10) managed by the unit during the study period. All had low molecular mass iron detectable in their plasma and had clinical and biochemical evidence of multiorgan system failure as well as liver impairment. Compared with the ARDS and normal control populations, transferrin and albumin levels were low and the former failed to act as a plasma antioxidant in preventing free radical mediated damage to detector molecules. evidence of diffuse bilateral pulmonary infiltrates on chest radiography, and a pulmonary artery occlusion pressure < 18 mm Hg.9 The extent of lung injury was also quantified using the lung injury score (LIS) of Murray et al described in detail elsewhere.'0 All patients with ARDS had a pulmonary artery catheter in situ and were managed using modes of mechanical ventilation, an Fio2 and inotropic agents sufficient to produce an oxygen delivery index of 300 ml/min/m2. Routine haematological and biochemical tests, including those of liver function, were performed daily. Study protocol In our unit patients with ARDS have blood taken for analysis as frequiently as possible (maximum daily) for the period during which they meet the diagnostic criteria outlined. In every case 10 ml arterial blood is withdrawn at 07.45 hours into a lithium heparin tube, centrifuged immediately at 2000g, and the plasma separated and stored at -20°C. A sample is not taken if the patient is absent for an investigation, if the blood cannot be centrifuged immediately, or if the clinical diagnosis of ARDS cannot be sustained.
In a retrospective analysis of the blood samples taken over a 12 month period those patients who had evidence of transient iron overload, based on the presence of bleomycin detectable iron in their plasma, were compared with those who did not in terms of biochemical findings, LIS, and clinical outcome, and with the biochemical results of 10 normal controls.
ASSAYS
Total non-haem iron and the iron binding capacity were measured spectrophotometrically using a kit (Sigma Chemical Co, Poole, Dorset, UK) based on the ferrozine assay. The bleomycin detectable iron assay which measures chelatable redox active iron was also used.7" Briefly, bleomycin is allowed to bind to linear duplex DNA and chelate any low molecular mass iron present in the plasma. Addition of ascorbate redox cycles the iron bound to DNA causing oxidative damage to the deoxyribose moiety releasing malondialdehyde, which is measured spectrophotometrically by reaction with thiobarbituric acid. Total plasma proteins were determined using a kit (Sigma Chemical Co, Poole, Dorset, UK) based on the Lowry technique. Transferrin was quantitated using radial immunodiffusion plates containing a polyclonal antibody to human transferrin. Two different plasma antioxidant assays were applied to assess changes involving the iron loading of transferrin. In the first assay system the ability of plasma to inhibit the degradation of DNA by bleomyciniron-ascorbate, generating a reactive oxo-iron species, was determined.'2 Secondly, the ability of plasma to inhibit iron stimulated per- LI S = lung injury score; N/A = not applicable oxidation of phospholipid liposomes, involving lipid radicals, was measured.'3 All assays were performed in duplicate. The precision of the assays has been described in detail elsewhere."2'3 All results shown are mean (SE). Comparisons between groups were made using the Mann-Whitney U test and p values < 0 05 were considered significant.
Results
Five patients (mean age 56, range 21-76 years) representing a third of the total patient population studied in the specified time period fulfilled the diagnostic criteria for ARDS and were shown to have bleomycin detectable iron in their plasma. All had evidence of severe lung injury (LIS at entry 5-4 (0 8)) resulting from a range of underlying diseases. Four of the five patients eventually died, each having evidence of at least three organ system failures as defined by Knaus et al'4 at the time of their first blood sample (table 1) . By comparison, the 10 ARDS control patients were younger (mean age 24, range 15-59), had less severe lung injury (LIS at entry 3 3 (0-2), p<005) and a lower mortality (five survivors).
Thirteen blood samples were available from the five patients, of which six showed the presence of bleomycin detectable iron (120 (0 60) pmol/l for the six samples, table 2). In most cases the plasma transferrin was at or near complete iron saturation when bleomycin detectable iron was detectable in the plasma, and the resulting iron overload was often transient in nature (table 2) . For all the plasma samples analysed in this subgroup total nonhaem iron values were slightly, but not significantly, higher (18-6 (4 30)) than healthy control subjects (15 7 (6 05)) or patients with ARDS without iron overload (14-9 (213)) (table 2). The percentage saturation of the plasma transferrin for the subgroup was significantly higher (71-0 (6-9)%) than that measured in both control groups (25-6 (8-8)% and 33 9 (3-8)%). Plasma transferrin levels were extremely low (082 (0.13) g/l) for the iron overloaded patients with ARDS compared with the ARDS (1-76 (0-13)g/l) and normal (3-06 (0 41) g/l) control groups. Total proteins were lower in the subgroup (50 7 (1-16)g/l) than in the ARDS control group (69-5 (5-17) g/l). Together with the transferrin levels, these results probably reflect decreased liver synthesis of protein. During the period of transient iron overload all five patients had a degree of impaired liver function based on plasma bilirubin levels (table 3). The iron loading of plasma transferrin, together with the extremely low levels of transferrin present, gave this subgroup of patients with ARDS severely compromised antioxidant protection against iron mediated free radical damage in vitro. As a group they showed a mean prooxidant status, stimulating damage to DNA in vitro compared with the inhibition seen in ARDS control patients, and only 27% antioxidant protection against iron stimulated phospholipid peroxidation compared with 66% in the ARDS control group (table 2) . 
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Discussion
Patients with ARDS appear to be under severe oxidative stress from both the disease process and treatment with high inspired oxygen concentrations. Evidence of oxidative molecular damage to lipids and proteins and antioxidants can therefore be detected in plasma and bronchoalveolar lavage fluids taken from such patients.'5 In a previous study we noted that patients with ARDS but no evidence of multiorgan system failure or iron overload have changes in iron metabolism leading to decreased antioxidant protection when compared with normal healthy controls. Both increased iron loading of plasma transferrin and decreased ability to catalyse the oxidation of ferrous ions to the ferric state (ferroxidase activity) have been described in these patients. 12 Transferrin and caeruloplasmin (ferroxidase I) are two primary plasma antioxidants that function in concert to protect the body against iron toxicity that can lead to oxygen radical formation. ' Bleomycin detectable iron has previously been found in the plasma of patients with idiopathic haemochromatosis,17 leukaemic patients on chemotherapy,'8 and in umbilical cord and neonatal plasma.'920 As far as we are aware this is the first report of a similar finding in patients with ARDS. Only one of the patients in this subgroup had conditions associated with iron overload -namely cirrhosiswhilst all had evidence of liver impairment. Although the study population represented only 33% of the patients with this condition managed in our ICU during a 12 month study period, they had a particularly high mortality (80%) compared with the group as a whole (60%). Furthermore, the subgroup consisted of older patients with more severe injury as indicated by LIS. Lastly, four of the five patients in the subgroup had evidence of three or more organ system failures at entry compared with only five of 10 controls. Although the current investigation is too small to draw conclusions as to whether iron overload has a causal relation with multiorgan system failure and death or represents a consequence of severe illness, non-transferrin bound low molecular mass iron is a pro-oxidant form of iron that must pose a potential hazard to 
